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=============

The determination of allergen-specific IgE had been introduced into allergy diagnosis 50 years ago.[@R1] In addition to clinical anamnesis and provocation testing, it represents one of the cornerstones in the diagnosis of IgE-associated allergy.[@R2] The detailed characterization of the disease-causing allergen molecules through molecular cloning technologies[@R3],[@R4] has brought about new forms of molecular allergy diagnosis that allow measuring IgE specific to a large number of micro-arrayed allergen molecules comprising the most relevant allergen sources by chip technology.[@R5],[@R6] Molecular allergy diagnosis is extremely useful for the resolution of complicated sensitization patterns especially in children and allows selection of personalized forms of treatment such as allergen avoidance, diet, and/or allergen-specific immunotherapy.[@R7] An important advantage to traditional forms of allergen extract--based quantitative IgE testing is that allergen microarrays allow simultaneous determination of IgE and IgG levels specific for multiple allergens with small volumes of serum and the disease-causing allergens can be precisely defined.[@R1],[@R6] However, not all allergists have direct access to the new forms of molecular allergy diagnosis and therefore would need to send blood samples to specialized laboratories. The shipment of serum or blood samples to laboratories performing molecular analysis requires sophisticated packaging and cooling, is often restricted by complex safety and transportation rules (eg, following rules of airline safety), and therefore is very expensive or even impossible.

To overcome these limitations, we investigated whether it is possible to simplify the collection, packaging, and sending of blood samples for micro-array analysis. For this purpose, we first performed a series of pilot experiments: Anticoagulated whole-blood samples or serum from allergic patients was immobilized on different types of paper (ie, filter paper, nitrocellulose), air-dried, and eluates obtained with different buffers (ie, PBS, sample diluent) were tested for IgE reactivity to 175 micro-arrayed allergen molecules using ImmunoCAP ISAC technology (see Table E1 and Fig E1 in this article's Online Repository at [www.jacionline.org](https://www.jacionline.org/)). Elution with PBS allowed recovering allergen-specific IgE from paper-dried blood spots better than from sample diluent (Fig E1). When we compared the effects of eluting 1 punched piece of paper with elution of 3 pieces of punched paper in 50 mL of PBS, elution from 3 pieces gave the best results and hence was used in all experiments shown. Paper-dried serum and blood spots could be stored at different temperatures (ie, +37°C, +22°C, +4°C, −20°C), giving similar results regarding allergen-specific IgE levels as compared with immediate recovery after drying (see Figs E2 and E3 in this article's Online Repository at [www.jacionline.org](https://www.jacionline.org/)). [Fig 1](#F1){ref-type="fig"} shows that there is an excellent correlation (*r* \>0.83; *P* \< .000001) between IgE levels measured in fresh serum of 1 patient to the 21 recognized allergens and results obtained after immediate recovery or after storage for 1 week at +37°C, +22°C, +4°C, and −20°C. In a next set of experiments we show that there is an excellent correlation (*r* \> 0.87; *P* \< .001) between allergen-specific IgE levels measured in fresh blood versus immediately recovered whole-blood samples from 9 patients to 8 of the most frequently recognized allergens (see Fig E4 in this article's Online Repository at [www.jacionline.org](https://www.jacionline.org/)). To further investigate whether the results are reliable and reproducible, we performed a detailed analysis of sera from 17 patients for whom we compared immediate recovery and recovery from paper-dried serum samples stored for 2 weeks at 37°C for the 8 most frequently detected allergens. The demographic and clinical characterization of the 17 patients (ie, \#1-\#18) is presented in Table E2 in this article's Online Repository at [www.jacionline.org](https://www.jacionline.org/).

Thus, 136 analyses were performed in triplicates for each condition (ie, immediate recovery and recovery after 2 weeks of storage at 37°C) (see Fig E5 in this article's Online Repository at [www.jacionline.org](https://www.jacionline.org/)). The statistical analysis showed again that there is an excellent correlation between results obtained with the fresh sera versus immediate recovery as well as for the fresh sera versus recovered samples obtained after 2 weeks at 37°C (Fig E5).

To analyze potential sensitivity loss we have investigated all allergens recognized by the fresh serum samples from the 17 patients tested in Fig E5. The 17 patients had shown positive IgE reactivity of 0.3 ISU-IgE or greater to 182 allergen molecules. After immediate recovery we lost 13 positive reactions (ie, 7.1%) if the cutoff for the recovered samples was set at greater than or equal to 0.3 ISU-IgE and in 2 (ie, 1%) when the cutoff was set at greater than or equal to 0.1 ISU-IgE. For recovery after 2 weeks at 37°C, we lost 26 (ie, 14.8%) when the cutoff in the recovered samples was set at greater than or equal to 0.3 ISU-IgE and in 8 (ie, 4.3%) when the cutoff was set at greater than or equal to 0.1 ISU-IgE. The analysis of the loss of sensitivity showed that it occurred only for serum samples with very low allergen-specific IgE levels (ie, \<1.5 ISU-IgE) for a given allergen. Thus, IgE titers after recovery were lower than in fresh samples, which may lead to a slight loss of sensitivity.

In a pilot experiment we were also able to show that IgE recovered from dried serum after 1 and 7 weeks of storage at +37°C was still functional and when loaded to basophils triggered dose-dependent mediator release (see Fig E6 in this article's Online Repository at [www.jacionline.org](https://www.jacionline.org/)).

These results indicate that shipment of paper-dried blood and serum spots can be performed simply by mail without need for cooling or express delivery at different seasons and in different climate zones and allows reliable and reproducible detection even of low levels of allergen-specific IgE ([Fig 1](#F1){ref-type="fig"}; see Figs E1-E5). Interestingly, there seemed to be a greater loss of IgE signals for high allergen-specific IgE levels as compared with lower ones (eg, Bet v 1 and Phl p 5: Fig E1). We therefore studied the general loss of protein during the recovery procedure. Table E3 in this article's Online Repository at [www.jacionline.org](https://www.jacionline.org/) presents for sera from 9 allergic patients the protein contents and recovery of protein after storage for 2 weeks at +37°C, +22°C, +4°C, −20°C. The range of recovery for the 9 sera at the 4 tested conditions was 9% to 18% with the elution procedure applied in our experiments (ie, dried serum, filter paper, 3 punched pieces, 50 μL PBS).

Because measurement of allergen-specific IgG to micro-arrayed allergens is also important to study clinically relevant questions such as the induction of allergen-specific IgG in the course of allergen-specific immunotherapy[@R8] or the occurrence of allergen-specific IgG as a sign of natural allergen exposure[@R9] we studied whether allergen-specific IgG can be also recovered from paper-dried serum spots. [Fig 2](#F2){ref-type="fig"} shows a comparison of specific IgG reactivity to the micro-arrayed allergens in a fresh, 1:50 diluted serum sample and in 3 identical immediately recovered eluates that were 15-fold less diluted to compensate for the protein loss occurring during the immobilization and elution procedure. There was an excellent correlation of allergen-specific IgG levels measured in the fresh serum and the recovered samples (*r* = 0.99; *P* \< .000001) to the recognized allergens ([Fig 2](#F2){ref-type="fig"}, *E*; see Table E4 in this article's Online Repository at [www.jacionline.org](https://www.jacionline.org/)). The rate of recovery of specific IgG was comparable when eluates were obtained immediately after drying or after storage at different temperatures (−20°C-+37°C) (data not shown).

Our results thus indicate that it is not only possible to recover from a paper-dried blood or serum spot sufficient IgE and IgG to test for reactivity to more than 170 different allergens by micro-array technology but it is also reliable and reproducible. Because the paper-dried blood spots can be stored at different temperatures (−20°C-+37°C) without losing activity, it should be possible to send them sealed in plastic by envelopes via simple mail from all over the world to laboratories performing micro-array analysis. The test results can then be sent by mail or email back to the allergist to aid in the management of complicated cases. We thus provide a simple procedure for making molecular allergy diagnosis from paper-dried blood samples available worldwide.
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